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Abstract 
Global Navigation Satellite System (GNSS) is usually used for positioning and navigation application and 
reflected GNSS signal is called "multi-path" and considered as an undesirable noise. However, this reflected 
signal can be utilized for remote sensing applications because it might contain information about the scattering 
surface of the Earth. In this paper, the concept of remote sensing technology using reflected GNSS signal is 
introduced and a method to reconstruct imagery with the aperture synthesis technique is discussed. 
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1. Introduction 
Global Navigation Satellite System (GNSS) is one 
of the most successful space technologies and we can 
receive the signal of GNSS anytime and anywhere on 
the Earth which is not only achieved directly from 
GNSS satellites but also reflected and scattered by the 
Earth's surface. The GNSS Signal is usually utilized 
to identify the location and motion of the user for 
some navigation applications and on the other hand, 
the reflected signal is called multi-path which is 
considered as an undesirable noise source and 
deteriorates the accuracy of navigation. However, the 
reflected signal has a potential to be utilized for many 
kinds of remote sensing applications because 
meaningful information about the scattering surface 
can be obtained through this reflected signal. 
The configuration of this concept is considered as 
bi-static but actually our configuration is called the 
space-surface bi-static geometry because a 
transmitter is usually non-cooperative one such as 
GPS satellite and is very far away from the Earth 
but on the other hand, a receiver platform would be 
an Unmanned Aerial Vehicle (UAV) which flies 
near the Earth's surface. This asymmetry in its 
geometry is the difference from normal bi-static 
configuration and would be the key to construct the 
imaging algorithm using GNSS signal. This 
space-surface bi-static configuration has several 
advantages against the conventional bi-static 
configurations and the biggest advantage is its high 
availability. We can receive the signal all the time 
wherever we are due to the GNSS constellation. In 
addition, GNSS is usually maintained to keep its 
navigation accuracy and we benefit from it in that 
we can utilize this high quality signal without 
preparing our own transmitter. This also makes the 
whole system simpler because all we have to 
develop is the devices for receiving. 
This concept has several disadvantages and 
problems to be solved as well. Weak signal strength 
is on the top of the list and for example, the signal 
strength of GPS signal on the Earth's surface is 
about -160dBW and that of the scattered •signal is 
even weaker. The development of the imaging 
algorithm for the aperture synthesis comes 
following and the conventional stop-and-go model 
is not suitable for the configuration where GNSS 
satellite is available as a non-cooperative 
transmitter because much longer stop-time is 
necessary due to the long propagation distance and 
the correlation process with the reference signal, 
which influences the azimuth sampling frequency 
and eventually the matched filter in the slow-time 
domain. This limitation on the azimuth sampling 
frequency might result in the azimuth ambiguity in 
the slow-time frequency domain. We discuss a 
method to simulate the space-surface bi-static 
configuration by considering actual signal spectrum 
and property of GPS CDMA signal in this paper. 
2. Method 
In general processing of SAR imagery, a geometry 
model called "stop-and-go" model is utilized to 
describe the echo signal. This model assumes that 
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geometry including SAR platform and target points is 
stationary between transmission and reception of 
signal because the speed of signal is much faster than 
that of SAR platform. However, this model is not 
suitable for SAR geometry using reflected GNSS 
signal because the signal propagation time is quite 
longer compared to conventional mono-static SAR 
geometry and it takes about 70 milliseconds in general. 
Such a long stop time would affect the sampling 
frequency in the slow time domain and eventually the 
bandwidth of sampled Doppler frequency would get 
quite narrower. 
Fortunately, GNSS signal is not a pulse signal but a 
continuous signal and we can receive anytime once 
the receiving window is open. From here, we discuss 
using Cl A code signal on L1 carrier of GPS. Due to 
this property of GPS signal, we don't have to wait for 
the echo signal using conventional stop-and-go model 
but all we have to do for reception is just to open 
window. The slow time sampling frequency depends 
on the signal correlation process and in this case, 1 
millisecond is necessary for Cl A code correlation. The 
problem which occurs when this modified geometry is 
utilized is definition of signal delay. The reason why 
the geometry is assumed to be stationary during 
waiting and receiving echo signals is to align the time 
corresponding to zero delay among slow time sample 
bins, that is: 
... (1) 
RR : distance between receiving platform and target point 
Rr: distance between transmitting platform and target point 
in mono-static case, Rr = RR 
t: slow time sample bin 
On the other hand, the modified delay is described 
using continuous signal as below: 
td(t) = RR(t)+Rr(t- t
d) 
C 
... (2) 
RR : distance between receiving platform and target point 
Rr: distance between transmitting platform and target point 
t: slow time sample bin 
The geometry is no longer stationary between 
transmission and reception of signal and (2) equation 
should be solved using iteration calculation. What 
matters most from the point of view of SAR imaging 
process is how this delay appears in the imaging 
space which is described using slow time and fast time. 
This problem can be solved using the GPS time 
synchronization process. GPS signal is encoded with a 
kind of PRN (Pseudo Random Noise) code and this 
PRN code is utilized to determine the GPS time. In the 
case of Cl A code, the whole timespan of code is 
accurately 1 millisecond and synchronized with GPS 
time to a precision of 1 millisecond. This property is 
very helpful for users to synchronize their clock to 
GPS time. Once the reference signal is selected 
appropriately, the delay appears in the imaging space 
with the ambiguity of 1 millisecond as follows: 
td = N x 1 ms + Frac ... (3) 
N: ambiguity of 1 millisecond 
1 millisecond corresponds to 300 kilometers and it 
would be enough for imaging because the range swath 
of imaging region might be less than 300 kilometers. 
On the other hand, the geometry is assumed to be 
stationary during this 1 millisecond in this modified 
model because the change of geometry during this 1 
millisecond is not critical compared to the resolution 
of Cl A code. Chip duration of Cl A code is about 1 
microsecond which corresponds to 300 meters but the 
change of geometry during 1 millisecond might be 
less than several meters. It is clear that this small 
difference does not affect the result of aperture 
synthesis. 
The reflected signal of GPS signal is described as 
below: 
t: slow time sample bin 
-r: fast time sample bin 
td : delay which is defined from (2) 
f d: Doppler frequency 
x(t): CIA code function 
... (4) 
Doppler shift due to the motion of GPS satellite works 
as constant bias in the frequency domain because the 
line of sight vector between GPS satellite and target 
point is assumed to be constant during aperture 
synthesis integration time and can be removed easily. 
Therefore, Doppler shift due to the motion of 
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receiving platform is only considered in the following 
discussion. 
3. Simulation and Result 
Simulation parameters are defined as follows: 
z 
Fig. 1 Geometry in simulation 
Table 1 
Parameter 
Mean Rr 
0EL 
0v 
Vr 
VR 
ZR 
Xt, Yt 
0beam 
Parameters in simulation 
Value Note 
20,000 [km] 
30 [deg] 
30 [deg] 
3000 [mis] 
100 [mis] 
577 [m] 
0 1000.0 [m] 
0.1 [rad] 
2.0 [MHz] 
1.5 [GHz] 
@t = O 
Beam width 
Band width 
Can-ier Freq. 
The range migration in this geometry 1s quite 
different from that of conventional mono-static 
geometry because the range between OPS satellite and 
target is assumed to a linear function. 
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Fig. 2 Range Migration in simulation 
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The replica code derives from the signal which has 
no delay and no Doppler shift. After range 
compression using this reference signal, the range 
migration correction is processed. This interpolation 
process utilizes the delay history in the slow time 
domain and this delay history can be calculated using 
the position of GPS satellite and user's receiving 
platform. This means that the positioning should be 
established using direct signal of L 1 during the 
aperture synthesis integration time. Azimuth 
compression process follows and finally the PSF 
(Point Spread Function) can be obtained in the 
1magmg space. 
As shown in the figure below, the PSF of target 
point is successfully obtained. In the fast time domain, 
we can see clear auto-correlation peak of Cl A code 
and its width in range is 2 chips of Cl A code. The 
resolution in the fast time domain is defined as 1 chip 
if the resolution is defined with Sparrow's criterion. 
Due to the auto-correlation property of Cl A code, no 
other peak is seen in the fast time domain. Compared 
to the re olution in the slow time domain, the 
resolution in the fast time domain is rather worse 
because of the chip duration of Cl A code which 
correspond to 300 meters. This is to be improved 
using the ignal which has wider bandwidth such as 
L5 signal of GPS or E5 signal of Galileo. 
540 
674 
672 
670 
{) 668 
t 666 
664 
662 
660 
500 
Fig. 3 Reconstructed PSF of target point 
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Fig. 4 Colormap: Reconstructed PSF of target point 
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4. Conclusion 
We proposed the modified stop-and-go model 
which can be applied into the space-surface geometry. 
The PSF of target point was successfully 
reconstructed using this model and the signal property 
of Cl A code of GPS signal. 
5. Future Work 
As mentioned before, the next step is to improve 
the range resolution using GPS L5 signal property 
whose bandwidth is ten times wider than that of L 1 
Cl A code. Besides that, the aperture synthesis 
algorithm should be modified in order to process 
whole target region because all the target points have 
different range migration history in this space-surface 
geometry. The Doppler phase profile also should be 
examined in great detail to establish an imaging 
algorithm which can deal with many target points at 
once. 
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